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Loop Design - Objectives

• Use FCC Staff's Customer Location
Design Methodology to Derive
- Optimized Cost Estimates for

• Efficient Distribution Plant,

• Sub-feeder Layout, and

• Feeder Layout

- Loop Design based on Sound Engineering Principles

- Uncompromized Network Performance for Narrow
band POTS Services

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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Cust()m.t~iL()cation Overview

• RawData • Grids and Micro-grids
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All data used for illustration
purposes only
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NetW()r~
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~po16gy'& Terminology (Continued)
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Ref: NEC 's ISC 303 Planning Guide; Issue 1, Page 22
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;ftiij~()~lI~~QPQIQ~·.&renninology (Qmtinue4)
, .. ' ."" ; .' ;. ,"; ,,' , " ' ;, . /' ..... . .', ".' ,'. -:.' " .. ~; - . ' .- , . .'. . ~. .'. . ... . '. ,;
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SmIces

I

. * 192 ch's,
26 gauge, 22Kft
PGPlus: Voice+ISDN

ISC·383RT

• HDSL Plug-in Modules ~

I
1SC·303RT

I

-

-
TtmSl ........DS2~

DSX·l
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TIU
- _ •••1

IEPFATDvO'

W
_J-

\

Spn 1-4=Working--
SpIn 5 \=Protect -J II -

Ref: NEC 's ISC 303 Planning Guide, Issue 1, Pages 24 & 26
* HDSL Data: ConversatiOns with Pairgain Technologies, 75% market share ofHDSL in the US
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• Optimal Use of Fiber OLC, T1 on Copper and Fiber/Copper
Cables

• Use of Copper T1 Technology on Long Loops In Thinly
Populated Areas

• Fine Granularity in the Use of OLC Terminals

• Multiple SAls Located In Each Grid
• Unique Implementation of a Hybrid between Hatfield &

BCPM

• Use of Flexible·Oata Structures and High Level Language
for Adequate Optimization

Sept. 11, 1997 HCPM- Loop Design: All data used for illustration
i I Page 7 Draft Interim Progress Notes purposes only I
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Customer Location Module
provides coordinates and
potential SAl locations.
Grid (18 kft square or I..s)
Coralns Cells (Mlcro-grlds) with
non-zero populatlon/# of lines
estimates
o.slgn Distribution plant for
each grid In Isolation based on
on cost minimization.

In each quadrant, compute
optimal angUlar feeder routes
using locations of primary SAls.

•

•

•

•

All data used for illustration
purposes only
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Rulos·:·,;ltedetiSubfeederIDistribution

1. Copper cables used If
(Max Copr Distance from CO < Max Copr Distance Thresh) and
(# of lines in Grid < Min Grid Lines served by Tl Copr Technology Thresh)

2. T1 Copr technology Is used starting at the CO If
(Feeder Distance < FibCoprThresh) and

(Min Grid Lines served by Tl Copr Technology Thresh <= # of lines in Grid <

Min Grid Lines served by Fiber Technology Thresh)

3. Use fiber from CO If
(Feeder Distance >= FibCoprThresh)

or

( # of lines in Grid >= Min Grid Lines served by Fiber Technology Thresh)

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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P,i$t#h-'_tt iPIsigllAlgorit1ttn: Step·l

• Design Distribution Plant for a fixed set of SAls
- Defme SA boundaries (Sub-grid) by attaching each cell (micro-grid) to

the nearest SAl using the L 1 distance

- Divide each cell into lots by dividing area by population (residential +
business); residencelbusiness is assumed to be located at the lot center

- Place Distribution backbones to touch every lot within a cell and
connect; identify a unique comer of each cell that is closest to the SAl
such that distribution cable can be placed on every other cell boundary

- Connect each cell to its SAl by a shortest L1 path and size cables
appropriately on the path back to the SAl

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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PitIIg.'A••P~$~lJl.i.A.lg~titlun..: ·.Step.••·.• 2
',~ - " . - .'," '. , .. _.' .' ...' .. " -: .. , .... ' , -..." -.. , .. - -', .. : .. , ...'! ,.:," .., ' .. ..

• Optimize the number and location of SAls in each grid
- Determine the SAl closest to the CO in L1 distance (primary SAl), determine if

this location may be served by analog cables, Tl copper or fiber DLC, and
compute provisional feeder cost based on L1 distance.

Determine the size of the DLC or Tl Copper Terminal(s) at each of the other
Secondary SAls and using the minimum L1 distance from the Primary SAl
determine whether this distance needs to be served using copper or fiber.

Resize the Primary SAl.

Also compute provisional feeder costs assuming some of the SAls are directly
connected to the provisional feeder entry point into the grid.

Compute the cost for the final configuration for each combination of Primary and
Secondary SAls and select the combination with the least cost.

Disregard the provisional feeder costs and store the SAl configurations and
distribution costs for'future reference.

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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F'tlgeJ,)"'~I~8U0'Shlgle ,·.Feeder:

• Compute the angle defined by the average of all Primary SAls in
a quadrant

D a ArcTan[Weighted sum ofy-coordinates of all SAIs/Weighted sum of x­
coordinates of all SAIs]

• For each vertical block of grids, compute the average x­
coordinate for all SAls (XJ). The Sub-feeder will run along this
vertical line through XJ. The Primary SAl in each grid will be
connected to this sub-feeder.

• Compute the total feeder + sub-feeder distance and the
associated cost for the quadrant based on cable size and
structure cost (A similar procedure applies to horizontal blocks
of grids when appropriate).

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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Feeget>sQeaign. ... DualFeeders:

• Define a 1 and a2 for the upper and lovver half of each quadrant.
Use the same method as for a single feeder except sum over the
SAls within the upper and lower halves of the quadrant.

• Determine If the sub-feeder Is vertical or horizontal and compute
distance for the sub-feeder.

• Determine feeder + sub-feeder cost for the quadrant.
• Use the lower of the cost for the single feeder or the dual feeder

implementation to determine the final feeder cost.

• Re-compute the true cost for each grid using the feeder/sub­
feeder cost data.

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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Feed.. erlSub~feeder Architectu.re.. .. •... ;._._, '_ .. ' " .. .•.. ', "'" , ..•..... _,', ,,:_ __ , .. _,,_ .0 _ ,'0 .. " _ ,., .. , ..

Census block centroids by CBG
I i
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~

12860

12850

••
12840U·

12830
~ -25560

kilofeet longitude

HCPM- Loop Design:
Draft Interim Progress Notes
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purposes only

Sept. 11, 1997
Page 15

• • • • • • • •



•
•
•

Attac1:l.ttrel1ts.: <. '.' "., •. __ • .... ,: ': ~ .... ;;";". ,'" ,",' , :.:' ,:',,_, ;_.,:. ,_.<._..:.' ,"_ .,'<.:_ ",:_ ,'0'

• Customer Location Overview
• Loop Design Algorithms
• Psuedocode for costing the Distribution plant

and locating the SAls
• Psuedocode for costing the Feeder/Sub-feeder

plant and updating the Grid Costs
• Resume for Vaikunth Gupta
• Company Profile for Panum Telecom, LLC

HCPM- Loop Design:
Draft Interim Progress Notes

All data used for illustration
purposes only
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AN APPROAOI 10 MODEUJNG aJSTOMER LOCADON

D. Mmc Kemaet
Federal ComInImIcatioIB Comn+-'oo

In this slat paper, I~ to explain an appoach to the problem ofmodelling
customer location for f<X'Wlfd-looking economic oost models expected to be eIq)loyed
in universal service fund (USF) calculations as well as mbundled net\WIk element
(UNE)~n~. This apptoech has been incmJoated into a software p-oduct I
call CENBLOCK, and is best explained using an example.

lhe drawings below illustrate a dataset coosisting of the Census blocks within a
particular telco's service tmiUry. In the first drawing, I have plotted the raw data.
Each point on the map represents the centroid of a block.
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In modelling the feeder and distrilUion plant fm a telco, ifall we had available were
the above data, we VKlU1d need to 8SSlDJe DDe 811ftfP11ioo role fir the Census
blocks. IfeaclJ. of the squ.-es (small, medium, larF) was a serving area, witltits <Mn

serving area intaface and distributioo plant, the model would clearly ovel8tate the
anomt of serving area iDterface dectrmics. Q11he otbrr IBId, aggregaling to the
level of the CaIslB blade groop (COO) level will misrepcseot ... is evident in this
nnl dataset (takm:from a nnI sectioo ofTern=-e): stme CBGs have pqJUlatioo
located outside the reach ofany currently existing iDterface devi~ even if the area of
the COO meets an ti1f)imering specificatim. I \\OJld que that in the cmtext of
engineering telcoplaDt, length and width of distnlUiooareasare.1ID'e itqJortant than
the area, fm exactly this reason. The other point \\UIh noting is that there is
significant clustering of pqJUlatioo, even in this rural sectim.

The CENBLOCK software provides a means to systanati2'e that clustering fm
modelling purposes, aggregating together the blocks so that IID'e n:aningful
appuximatioos to real-wmd serving areas can be used \\bile peserving inf<rDlltioo
about length and width of the clusters.

The siIq)lest clustering arrangement \WUId be ifv.e &Bm:d that all serving areas
were squares. The picture below depicts a CENBLOCK. ammgement of 18 kf by 18
kf squares, with a maximDn pqJUlatioo of 2(XX) custtmers pee serving area (the latter
coostraint in this dataset is nmbinding). Ifany of the grid blocks were to exceed that
populatioo count (\\hich is a user input), CENBLOCK. repeatedly cuts the block in
half until ei1her the maximDn populatioo aiterioo is met m it is determined that ooIy
one Census block remains in the grid (and no further divisioos are possible).
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Note that in this drawing, the total number of serving areas is equal to the number of
populated squares, in line with \Wat \\WId lilcely be observed in the actual
feeder/distributioo plant, but the shape of the distn1Uioo areas does ncX adequately
address clustering within the grid block. To address the latter issue, I make the
following initial poposaJ. for an algorithm to tmdel the distributioo area boundaries.
First, find the centroid of all included CBs in a grid block. Now calculate the average
X-value for CBs to the left of that centroid, and that for CBs to the right. Repeat the
exercise for V-values. 1heI'e are now four caners, leplC&uting an "average" both
horizmtally and vertically for the locatioos of ct&omers in the stylized serving area.
For this example, modelled serving areas are as follows:
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<B may argue that these stylized distributioo areas also do not quite capture
~oo clustering or distances quite adequately. To address this poblem, I have
devised an altemative app'OIdl. I aeate "miaogrids" wi1hin each grid block, with the
size equal to the average area of Census blocks in that grid This applOsd1 enables
locating customers with the finest level of resolutioo supported by the data.

My approach is best understood through a pseudocode desaiptioo of the pucess:

PSEUJX).C{)J)E FOR CENBLOCK PROGRAM

CJ·t~r_t.r.;

Loads user-defined values for parameters, including size ofgrid, marimum
allowable population within a distribution area, size ofmicrogrid (ifuser
desires to preset this), and take rate for householdY.

••tup qrid;
Tlsing data from included Census blocks, caJcu/aJes upper left cuid lower right
corners ofarea to be flgridded II Writes corners ofgrid blocks to file.



attach ..sh areas;
lOops tfiough each grid block created above, and attaches all Cemu.v blocks
that fall within that grid by saving uadtJrefses" in a file. Also tabulates the
number oflines within each grid block and saves i1ifo to file.

while over maz~ do adjust grid areas;
Over_wm..JX1P is a BooleaiJjUnCiion tJiit retu1'm "TRUE" if019' grid block
has a number oflines over the maxi1rIIIn defined in the parameterfile. If~
such grid blocks exist, otjust...grieCareos divides them'into smaller square grids
and determines~h Cemus' blocks are attached to the smaller grids.

11120

1_
1_

.-nJ __.--
build serving areas;

-rrhis rmdiili OCCOI1fJIishes mo tasks before writing distribution area data to
file. First, it grids each grid block to determine the location ofthe Cemus'
blocks conJained within it. If this microgrid is preset by the user, it will use
that value; otherwise, it will detennine the arerage area ofincluded Cemus'
blocks to determine a microgrid size. Here is an illustration:



nmnber ofrows, cols: 22,22
Lower Left X,Y: -28832.734716286.8341
NS Grid size: 0.8182
EW Grid size: 0.8182
Centroid: -28827.8256,16290.9250
Household matrix:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 49 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 13 0 53 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 13 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 12 18 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 11 25 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 16· 51 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 30 35 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Second, it optimizes the location ofea:h serving area wetface by minimizing
a Hcost jUnction" that assigm a penalty to~ SAl location according to the
sums ofabsolute rectilinear distances from each microgrid midpoint times the
number oflines in that microgrid:

Cost(x,y) =LL[abs(midxli - x) +abs(midyfj - y)]poPII
i j

It now mb the question, Hif~ 'KB'e to put tmre than one SAl in this
gridblock, Mftere would they go?" It then opti1nize3 the locations ofup to four
SAIs within each gritIJIock. Finally, the data are output in a format consistent
with BCPM(it is a trivial matter to output to a Hatfieldformat), with an
auxiliary binaryfile containing the microgrid iTformation.



Hybrid Cost Proxy Model
Loop Design Algorithms

Preliminary and Incomplete:
The following notes do not address all relevant loop design issues

and are subject to modgication.

o. Setup

0.1 Notation

For expositional purposes in these notes, grids will be identified by indices i and j representing the displacement from a
bottom-left comer of the smallest rectangle of grids which contain a wire center. Grids are indexed Gij for ij = 1 ,2, ... , and
it is assumed that the user adjustable grid size is set at 18 kilofeet throughout these notes. Each grid is subdivided into an m
by m matrix of micro grids (also called cells), where m ranges between 1 and 50. A serving area interface contained in Gij is
identified by SAlijk•

Distribution consists of all outside plant between a primary serving area interface and the customer location, and may include
secondary SAls. Distribution plant consists of backbone and branching cable where branch cable is closer to the customer
location.

Feeder consists of all outside plant between the central office main distribution frame or fiber distribution frame up to and
including a primary serving area interface. Feeder cable consists of main feeder, sub-feeder and sub-sub-feeder routes.

0.2 Inputs from the Cus,tomer Location Module

The Customer Location Module will report for each grid the bottom-left and top-right coordinates of the grid, the number of
cells, the number of lines associated with each cell, and an array defining the locational coordinates for four possible
configurations (consisting of 1,2,3, and 4 locations) of SAIs to serve the grid.

0.3 Rules for Feeder, Subfeeder and Distribution Plant

Copper cable is used if the maximum copper distance from the CO is less than the maximum copper distance threshold and



the number of lines in the grid is less than the Tl copper technology threshold.

Tl copper technology is used starting at the CO if the feeder distance is less than the fiber copper threshold and the number of
lines in the grid is greater than or equal to the Tl copper technology threshold but less than the fiber technology threshold.

Fiber technology is used starting at the CO if the feeder distance is greater than or equal to the fiber copper threshold or the
number of lines in the grid is greater than or equal to the fiber technology threshold.

0.4 Cable and Structure Costs

For a given technology t (e.g. 26 gauge analog copper, Tl on copper, etc.) costs are assumed to be of the form (a. + bl L) D,
where L represents the number of lines and D represents distance in kilofeet. The fixed cost per kilofoot, a. represents the
cost of structures and is determined from input tables. The variable cost bl is also determined from input tables.

1. Distribution Plant

Design the distribution plant for each grid in isolation (ignoring information from all neighboring grids). The end result of this stage is a set
of one to four primary SAl locations within each grid which will remain fixed throughout all future steps. Associated with each primary
SAlijk will be a vector (Xijk , Yijk , Lijk , DistributionCostijk) defining the horizontal and vertical coordinates, the number of associated lines,
and the total distribution cost of all plant served by that SAl, including the cost of any associated secondary SAls.

1.1 Divide each cell into lots based on cell population. Identify the comer of each cell that is closest to its serving SAl and which
lies on an even horizontal or vertical branch route. Place distribution branch cable to touch every lot within a cell and connect to this
comer point. Design drop cable to serve groups of four properties whenever possible.

1.1.1 Cell dimensions are (181m) kilofeet on a side. Suppose that L residential lines and no business lines are required in the
cell. The cell is divided into nl * n210ts where n, = Upperlnteger("L) and n2 is the smallest integer such that nl * n2 ~ L. Lot
dimensions are therefore 18/(m*nl) by 18/(m*n2)'

1.1.2 Backbone and branching distribution cable is built to touch every lot in the cell. From any comer of the cell, the

l~n -I)
backbone follows the side containing nl lots and is of length I . Branching cable is required on every other lot

m*nI



boundary. Therefore Upperlnteger(nl/2) branching cables are required. In order to touch every lot, each branch must be of

Is(n -I)
length ; . The total cost of backbone and branching cable in a cell using technology t is therefore given by

m n2

18 [(n -I) (n )(~ -1)]-;;; ~ + Upperlnteger i --;;;- .
Apply cable sizing and structure cost subroutines to obtain backbone and branching costs.

2 ( )2I 18 18
1.1.3 Drop length is ,{2*;.) + 2 +n,

LOd+( (2~8J +c~~r ..
If drop cost per kilofoot is equal to d, total drop cost in the cell is given by

1.2 For each possible configuration of SAls in a grid, the serving area for SAl jjk is defined as the set of cells closer to it than to any
other SAl in the grid in terms of L1 distance. The smallest rectangle containing a serving area is called a subgrid.

1.2.1 Define the bottom-left and top-right coordinates of a subgrid serving SAl ijk respectively as (~ijk' Yijk) and (~ijk , ~ijk)'

Main distribution backbone from (Xijk , Yijk) will be horizontal if

Max (Xijk - Xijk , !ijk - Xijk) > Max (Yijk - Jijk • ~ijk - Yijk)

and vertical otherwise. (This will minimize the combined length of the backbone and branching plant and therefore minimize
structure costs.) Compute the Ll distance from (Xjjk , Yijk) to each populated cell in the subgrid assuming only even cell
dividing lines are used for distribution branches.

1.2.2 If the backbone is horizontal it will be oflength Max {XI '~ijk} - Min {XI ,~ijd - 18. The number of branching cables


